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ABSTRACT 
The study tackled some land use types and patterns in Khartoum State, 
particularly in Wadi Soba that face many management problems such as 
forests, range lands and agriculture, which resulted in desertification and 
land degradation. 
The study focused on land use types and the assessment of their impact on 
desertification and degradation. The study also identified the proper land 
utilization type in Wadi Soba area. 
Three methods and approached used in this study: 
-Satellite image 1987-2000 to monitor and evaluate desertification through 
the comparison of vegetation cover, sand dune and soil organic matter 
-Soil and water samples analysis and questionnaire. 
The result revealed that vegetation cover percent was 7.86% in 1987 while it 
was 5.04% in 2000, sand dunes 31% in 1987 and 34.49% in 2000, soil 
organic matter was decreased; ranging between 0.026% to 0.098%.  
Under ground water is not suitable for irrigation and will cause secondary 
salinization, and the main causes of desertification and land degradation are 
climate factors and human activities. 
The study concluded that protection streamlined with, land use planning 
system, water harvesting, prohibiting overcutting and overgrazing, 
increasing soil fertility and irrigation from the Blue Nile are the best 
approach that could improve the project area.  
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 ﺑﺴﻢ ﺍﷲ ﺍﻟﺮﺣﻤﻦ ﺍﻟﺮﺣﻴﻢ
 
 اﻟﺨــــــﻼﺻــــــــــﺔ
 
ﻟﻘﺪ ﺗﻄﺮﻗﺖ اﻟﺪراﺳﺔ ﻟﺒﻌﺾ أﻧﻤﺎط اﺳﺘﺨﺪام اﻷراﺿﻲ ﻓﻲ وﻻﻳﺔ اﻟﺨﺮﻃﻮم ، ﺧﺎﺻﺔ ﻣﻨﻄﻘѧﺔ 
 اﻟﺘѧﻲ ﺗﻮاﺟѧﻪ اﻟﻌﺪﻳѧﺪ ﻣѧﻦ ﻣѧﺸﺎآﻞ اﻹدارة ، ﻣﺜѧﻞ اﻟﻐﺎﺑѧﺎت ، أراﺿѧﻲ اﻟﻤﺮاﻋѧﻲ ، وادي ﺳﻮﺑﺎ 
ﺳѧѧﺘﺨﺪام إوﺗﺄﺛﻴﺮهѧѧﺎ ﻋﻠѧѧﻲ اﻟﺘѧѧﺼﺤﺮ واﻟﺘѧѧﺪهﻮر ﻣѧѧﻦ ﺧѧѧﻼل رداءة ( ﺁﻟﻴѧѧﺔ)اﻟﺰراﻋѧѧﺔ اﻟﻤﻄﺮﻳѧѧﺔ 
  . اﻷرض 
  
.  اﻟﺪراﺳﺔ ﺑﺘﻘﻴﻴﻢ هﺪﻩ اﻷﻧﻤﺎط ﺑﺎﻟﻤﻨﻄﻘﺔ وﺗﺤﺪﻳﺪ اﻟﻤѧﺸﺎآﻞ واﻟﻤﻌﻮﻗѧﺎت اﻟﺘѧﻲ ﺗﻮاﺟﻬﻬѧﺎ رآﺰت
  .ﺜﻠﻰ  ﻟﺘﺤﺴﻴﻦ إﺳﺘﻐﻼﻟﻬﺎ ﻋﻠﻰ اﻟﻮﺟﻪ اﻻﻣﺜﻞ ﺑﺠﺎﻧﺐ إﺳﺘﻨﺒﺎط اﻟﻄﺮق اﻟﻤ
  
إﻋﺘﻤﺪت اﻟﺪراﺳѧﺔ ﻓѧﻲ ذﻟѧﻚ ﻋﻠѧﻲ إﺟѧﺮاء ﺑﻌѧﺾ اﻟﻘﻴﺎﺳѧﺎت ﻓѧﻲ اﻟﻤﻨﻄﻘѧﺔ ﻣﺜѧﻞ ﺗﺤﻠﻴѧﻞ ﻋﻴﻨѧﺎت 
-٧٨٩١) ﻤﻨﻄﻘѧѧﺔ ﻣѧѧﺸﺮوع وادي ﺳѧѧﻮﺑﺎ ﻟﻠﻔﺘѧѧﺮة  اﻟﺘﺮﺑѧѧﺔ واﻟﻤѧѧﺎء وإﺳѧѧﺘﺨﺪام ﺻѧѧﻮر ﺟﻮﻳѧѧﺔ ﻟ 
ﺔ وذﻟѧﻚ ﻟﺘﺤﺪﻳѧﺪ اﻷﺛѧﺮ اﻟѧﺴﻠﺒﻲ ﻟﺘﻠѧﻚ اﻷﻧﻤѧﺎط وﻣѧﻦ رﺻѧﺪ ﻋﻤﻠﻴѧﺔ اﻟﺘѧﺼﺤﺮ واﻟﺘﻌﺮﻳѧ ( ٠٠٠٢
( ٦)وأﻳѧﻀﺎ اﺳѧﺘﺨﺪﻣﺖ اﻟﺪراﺳѧﺔ إﺳѧﺘﺒﻴﺎن ﻟﺨﻄﺔإﺳѧﺘﺨﺪام اﻷراﺿѧﻲ وذﻟѧﻚ ﺑﺄﺧѧﺬ . ﺑﺎﻟﻤﻨﻄﻘﺔ 
  . ﻋﻴﻨﺎت ﻋﺸﻮاﺋﻴًﺎ ﻣﻦ ﺳﺘﺔ ﻗﺮى وﻃﺮﺣﺖ ﻋﻠﻴﻬﻢ اﻷﺳﺌﻠﺔ ﻣﺒﺎﺷﺮة 
  
أﺛﺒﺘﺖ اﻟﺪراﺳﺔ أن آﻞ اﻟﻤﻌﺎﻳﻴﺮ اﻟﺘﻲ ﺗﻤﺖ دراﺳﺘﻬﺎ ﻓﻲ اﻟﻤﻨﻄﻘﺔ أوﺿﺤﺖ زﻳﺎدة آﻤﻴﺔ اﻟﺮﻣﻞ 
 أﺻѧѧѧѧﺒﺤﺖ ٠٠٠٢ﻓѧѧѧѧﻲ ﻋѧѧѧѧﺎم و% ١٣ﻧѧѧѧѧﺴﺒﺔ  : ٧٨٩١، ﺣﻴѧѧѧѧﺚ آﺎﻧѧѧѧѧﺖ اﻟﺮﻣѧѧѧѧﺎل ﻓѧѧѧѧﻲ ﻋѧѧѧѧﺎم 
وﺻѧѧﺎﺣﺒﻬﺎ ﺗѧѧﺪهﻮر اﻟﻤѧѧﺎدة اﻟﻌѧѧﻀﻮﻳﺔ ﺑﺎﻟﺘﺮﺑѧѧﺔ ﺑﺘѧѧﺪﻧﻲ ﻧѧѧﺴﺒﺘﻬﺎ وﺗﻘѧѧﺼﺎن ﻓѧѧﻲ % 3٤5.اﻟﻨѧѧﺴﺒﺔ
  . ﻣﺴﺎﺣﺔ اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ 
  
وأوﺿﺢ اﻻﺳﺘﺒﻴﺎن . أﺗﻀﺢ أﻳﻀﺎ أن ﻣﻴﺎﻩ اﻵﺑﺎر ﻻ ﺗﺼﻠﺢ ﻟﻠﺮي ﻷﻧﻬﺎ ﺗﺴﺒﺐ اﻟﺘﻤﻠﺢ اﻟﺜﺎﻧﻮي 
ﺪهﻮر اﻟﺒﻴﺌѧѧﻲ أن ﻋﻮاﻣѧѧﻞ اﻟﻤﻨѧѧﺎخ وﻧѧѧﺸﺎﻃﺎت اﻹﻧѧѧﺴﺎن هѧѧﻲ ﻋﻮاﻣѧѧﻞ رﺋﻴѧѧﺴﻴﺔ ﻟﻠﺘѧѧﺼﺤﺮ واﻟﺘѧѧ 
  . ﺑﻤﻨﻄﻘﺔ اﻟﻤﺸﺮوع ، ﻣﻤﺎ أدى إﻟﻲ زﺣﻒ اﻟﺮﻣﺎل واﻟﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔ ﺑﻤﻨﻄﻘﺔ اﻟﻤﺸﺮوع 
  
وﺧﻠѧѧﺼﺖ اﻟﺪراﺳѧѧﺔ إﻟѧѧﻲ ﻣﻘﺘѧѧﺮح وﺧﻄѧѧﺔ ﻻﺳѧѧﺘﺨﺪام اﻷراﺿѧѧﻲ ﺗѧѧﺴﺎﻋﺪ ﻓѧѧﻲ ﺗﺤѧѧﺴﻴﻦ وﺗﻨﻤﻴѧѧﺔ 
ﺣﺼﺎد ﻣﻴﺎﻩ اﻷﻣﻄﺎر ، وإﺳﺘﻌﻤﺎل اﻟﻤﺨﺼﺒﺎت ، ﺑﺎﻹﺿﺎﻓﺔ إﻟѧﻲ : اﻟﻤﺸﺮوع وهﻲ ﺗﺘﻜﻮن ﻣﻦ 
 .اﻟﺠﺎﺋﺮ واﻋﺘﻤﺎد اﻟﺮي ﻣﻦ ﻣﻴﺎﻩ اﻟﻨﻴﻞ ﻣﻨﻊ ﻗﻄﻊ اﻷﺷﺠﺎر ، اﻟﺮﻋﻲ 
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Chapter One 
Introduction 
Land is the most vital resource on earth from which humankind derives 
almost all its basic needs for survival. Land resources such as soils, water, 
animals and plants provide almost the entire material, aesthetic and spiritual 
needs essential for human survival. Human intervention in the utilization and 
manipulation of environmental resources has resulted in anticipated 
consequences. The discriminate destruction of forests and spread of land 
degradation resulting in decreased productivity with all the socio-economic 
impacts are generally recognized.  
Land degradation and deforestation around the globe are accelerating at 
unprecedented rate leading to loss of productivity and increased poverty 
worldwide. The rural populations depend directly on land resources for their 
livelihoods and survival. Meanwhile the continued use of these essential 
goods and services depend on good management practices. Current trends in 
food production around the world, especially crop production is leading to 
rapid degradation of land and rapid loss of productivity which is in turn 
worsening the poverty situation in rural areas (World Bank, 2002). 
Deforestation and agricultural practices especially in marginal areas of 
northern Sudan, lead to severe soil erosion, increased run off, loss of top soil 
and nutrients (Izzeldin, 1986).The lack of vegetation cover also increases 
wind erosion. The cultivation of marginal pastoral rangelands created vast 
areas of degraded soils and vegetation cover. The land use pattern has its 
positive or negative impact on the natural resources, as well as on 
environment respectively. 
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According to (DECARP, 1976) the total area affected by desertification 
approximately 650,000km².The area affected by drought and desertification 
impacts include the semi-desert, arid and semi-arid ecological region 
(486,000km²), which include most of the Northern state, northern Kordufan 
and Darfur states and some parts of the central and eastern states. 
According to Dregne (1988), land degradation percentage in Sudan is as 
follows: irrigated land 21%, rainfed crop land 41% and range land 80%.The 
signs of desertification are decline of crop productivity, range land 
deterioration, shifting sand and dunes, deteriorating flora and funa, shortage 
of wood for fuel, and  adverse socio economic effects.  
Khartoum State was identified as one of thirteen states affected by 
desertification (Salih, 1996).Degradation/desertification, which is attributed 
to cutting of forest for agricultural activities, fire and the transhumance 
grazing, in which animals are move to graze in certain areas way from the 
villages, while small animals were used to graze just around the villages. 
These practices were probably the most environmentally attitudes, (Abd 
Elgalil, 1997). 
However, the increased population pressure in arid and semi arid lands of 
Sudan, in which Wadi Soba is no exception necessitates the adoption of 
rational environmental conservation measures for rehabilitation of the 
degraded arable lands for the augmentation of food and pastures production 
for the benefit of rural poor. Therefore it is both timely and feasibles to 
evaluate the extent of land degradation and desertification exerted by 
different factors on Wadi Soba project, which will pave the way for 
designing appropriate sustainable management and rehabilitation measures.  
 14
 
The main objectives of the present study are the following: 
i. -To assess the impact of  land use pattern on desertification in the 
study area. 
ii. -To estimate the extent of severety of desertification in the study area. 
iii. -To assess and determine the manifestation of desertification process 
based on some indicators. 
iv. -To identify suitable measures for different type of soil for cultivation 
agricultural processes. 
v. -To specify the suitability of the available water resources in area for 
irrigation and drink. 
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Chapter Tow 
Literature Review 
 
2.1 Introduction 
Land use is branch of land economics which comprises the study of the land 
resources of the nation or other geographical unit from the stand point of 
their economic significance with aview of determining for what and how 
they may be most effectively employed. This mean that the major aim of 
land use is to assess the land resources and see whether their present use is 
economic or not. Its aim is also to conserve the land not merely to achieve 
maximum product per units, but to see to what extent the particular crop 
used suits the conditions of the land. Also to find out facts of the present 
conditions and discover the conditions favoring or handicapping present 
condition so as to able to plan for sound future utility of the land, (Gray, 
1925). 
 
Lebon (1965) stated that the classification of land use is an early stage of 
economic development and elaborate the dominant type of land use in the 
Khartoum state based on economic importance such as perennially irrigated 
land, other uses such as grazing lands ,forest land and rainfed cultivation, 
thought they occupy large area but are not very important. FAO (1976) 
described the land use, such as rain fed agriculture, irrigated agriculture, 
grass land, forestry, and recreation as major kind of land use. 
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2.2 Land use Practices in Sudan and impact on land degradation 
2.2.1 Current status of land use 
Sudan is primarily an agricultural and pastoral country and about 80% of 
economically active people are engaged in these sectors .Approximately, 
75%of the total crops grown in the Sudan are produced in the rain belt,and 
about 29 million feddans are currently cultivated under rain, 4.7 million 
feddans are under irrigation, and are additional 66.2 million feddans are 
currently natural rangelands, forests, or swamps, according to 
(DECARP,1976). Drought and desertification is threatening 4million, which 
represent 71%of the total potentially cultivable land in the country (58.5 
million feddans).Meanwhile desert encroachment is threatening almost 24.8 
million feddans of forest land also pasturage of 15 million million feddans 
according to DECARP, 1976. 
The most important categories of land use pattern are as follows: 
i. Rainfed land 
ii. Irrigated land 
iii. Range lands 
iv. Forest lands 
 
2.2.1.1 Rainfed land 
 Mechanized rainfed agriculture in the Sudan started during the colonial era 
in the 1940s to provide food for Allied forces during the Second World War 
(Atta ELmoula, 1985). This form of agriculture started to expand in the 
central clay plains of the Sudan and jumped from half million hectares in 
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1967 to more than eight million hectares in 1989 (HCENR, 2000). It started 
in Gadambaliya area where 300,000 feddans (126.000 ha) were under 
mechanized farming of sorghum (Buraymah, 1977). 
 
However, in the 1970’s, and with the beginning of drought and 
desertification impacts, that affected most parts of the Sudan, signs of land 
and yield deterioration appeared in rainfed mechanized schemes (Buraymah 
and Dawoud, 1984).Many farmers did not have rotation or shifting sites, and 
those who had rotations continued to cultivate both the scheme and it is 
rotation at the same time, growing single crop and inducing soil depletion, 
particularly in the absence of fertilizer application (Farah, 2000) 
 
2.2.1.2 Rangeland 
Rangeland covers an area about 117million hectares in the world which 
represents about 60%of the total area of the Sudan. Nearly 80% of the total 
range area is located in semi-desert and low rainfall savanna zones there  are 
characterized by unpredictable rainfall (RAP, 1993).Range land contributes 
substantially to income and subsistence of a large sector of the population 
who are either pastoralists or agropastorlists.It provides an important feed 
resource where it supplies 84% of the total feed requirements of the national 
herd, is estimated to be about 103 million head according to Ministry of 
Agriculture, Natural Resources and Animal Wealth Report (1995). 
 
Most range land lay within fragile environment and facing frequent drought 
periods, seasonal bush fire, increasing pressure on the range resources 
especially around water points due to increase in animal population and low 
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off take, and due to the expansion of cultivated land .Such problem resulted 
in the change in species composition and destruction of local conditions. 
(Mustafa et al, 2000). Another factor that annually causes a great loss of the 
range resources is fire, which may destroy up to 30% of the areas, some of 
these fires are deliberately set by the nomads to induce fresh growth of 
perennial grasses. Environmental degradation severely affects range land 
,forest and livestock production .Range land degradation and desertification 
are  defined as the general destruction of the biological ability of land ,which 
ultimately leads to desert like condition. (Mustafa et. al., 2000). 
The misuses of natural resources such as overgrazing, overcutting of wood 
biomass, frequent burning of vegetation and expansion of rainfed farming in 
marginal land are among the major factors of range land degradation and 
desertification (Abuswar and Darrag, 2004). 
 
2.2.1.3 Forest land 
The Sudan forest tree vegetation cover was estimated as 40% n 1901 of the 
total area, and 34-36%by Harrison and Jackason (1958). The total forest land 
has declined from 40% in 1950 to less than 20 % in 1990 as estimated by 
FNC and FAO (2000).It decreased further to 13.7% FNC, (2002).. Three 
millions feddans are designated as protected forest reserve and are 
government owned. Tree and land tenure is a particular constraint for land 
use planning; most land in rainfed areas owned by government, in the terms 
of unregistered land act, this lead to national conflicts (El Mahi, 2004). 
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The recently enacted legal requirement specified 10 % of all rainfed land 
and 5%of all irrigated land for crop production should remain as forest or 
reforested, provided good venue to integrate agriculture, pastoral and 
forestry land use (Egemi, 2004). Demand for agricultural lands, timber and 
other products as well as technological change in agriculture significantly 
impacts the mode and rate of transformation of forested areas. Today 
roughly 39 million square kilometers (29%) of the world land surface is 
under forest cover (Kerkhof, 2000) and of those 28 million square 
kilometers is in closed forest of 40%conopy cover (Singh, 1990). 
The majority of wood utilized from Sudan’s forest is for charcoal, fire wood 
and building materials, another major use of forest is gum Arabic production 
 
2.3 Land misuse and desertification / land degradation 
Stebbing (1953) stressed that the creeping desert is caused by man’s activity 
through the land misuse, and destruction of natural vegetation thus creating 
desert like conditions. The damage may take decades to revive according to 
Dessmann, (1973). According to Stoddart et. al, (1975),the situation in arid 
and semi arid areas is aggravated by scarcity of areas suitable for 
agricultural activities, which is outstripped by an increasing population 
growth rate .The pressure on land is sometimes so heavy that much of the 
minerals of the soil are lost, and land  is abandoned with the resultant 
reduction in total available land .The intensive trampling of grazing animals 
at water points also results in soil compaction and deterioration of soil 
structure as pointed out by Swift and Maaliki, (1984). Thompson (1975) 
stated that aridity is the primary cause of desertification. According to the 
internationally negotiated and adopted definition in United Nation 
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Conference on Environment and Development UNCED, (1992) held in Rio-
de Janeiro, desertification is defined as “land degradation in arid, semi arid 
and dry sub- humid land resulting from various factors including climatic 
variations and human activities” (Lean, 1995). Desertification may occur in 
different locations and then the desertified batches may merge together 
forming desert like conditions. Three main factors accelerate the processes 
of desertification and drought, namely human related activities, climatic 
variations such as recurrent prolonged drought periods and climatic change 
in developing countries and Sudan is not an exception. The natural and 
induced desertification processes include degradation of vegetation cover, 
wind erosion, water erosion, salnization/sodication, reduction in organic 
matter and soil compaction, sealing and accumulation of substances that are 
toxic, (Anonymous, 1979).  
 
In this respect Goda (1977) indicated that with increasing population, and 
expansion in agricultural development and livestock production, there will 
be more pressure on natural resources, with fuel wood being the forest 
product in greats demand. Ayoub (1998) cited that the clearance of forests 
and woodlands cover for firewood and charcoal making and over 
exploitation of vegetation is affecting 22 million hectares. Felling of trees 
for different reasons and the use of fuel wood energy are the causes of 
deforestation leading to desertification in forest areas.  
 
The replacement of Terminalia brownii, Dalbegia amara  and Leptadenia 
pyrotechnica is the result of environmental changes that prevented or 
inhibited the growth and development of the original species as reported by 
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Wickens (1965). Suliman and Darrage (1983) who also that mentioned most 
of where forage species have disappeared because of early grazing which 
prevented  plants from  completing  their cycle and bearing  fruits. Thus the 
denuded areas are created and these represent potential desertification 
similar to that reported by Harrison (1955) who observed that where there 
were no seeds deposited, there was almost complete failure of plant growth 
especially in years of low rainfall.  
 
The most serious factor which led to vegetation depletion is the high 
numbers of animals grazing at water point which caused soil compaction and 
loss of structure Farah, (1986). Overgrazing is the most widespread  cause of 
soil degradation particularly around settlements and watering centres, 
affecting about 30 m ha (47%) of the total degraded areas (Ayoub,1998). 
Suliman and Darrage (1983) reported that the agricultural expansion in the 
rangeland led to over stocking of grazing animals. Ayoub (1998) reported 
that the over cultivation of marginal land especially in low rainfall areas is a 
serious cause of desertification in the Sudan. He mentioned that cropping 
without appropriate nutrient in put have degraded about 12 m ha, 
particularly in small -scale farming on sandy and loamy soils. According to 
Suliman and Darrage (1983) the total area affected by desertification in 
Sudan amounted to 1.528000 Km.On the other hand the expansion of 
cultivation of marginal land led to depletion of natural vegetation. In this 
respect desertification and general rangeland degradation now cover a total 
area amounting to almost 650,000 Km (150 million feddans) according to 
Abu swar and Darrag (2004). 
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EL Sammani (1987) attributed desertification in rangelands of the Sudan to 
the following: 
I-Desertification of pasture by fire 
ii-Conversion of rangelands into agricultural land 
iii- Nomads. 
iv-Lack of range management. 
v-Over grazing. 
 
According to Harrison and Jackson (1958) the change in rangeland 
vegetation composition must be correlated with climatic changes, and with 
seasonal burning of vegetation, overgrazing and all other parameters that 
may influence range vegetation composition changes. 
 
Land misuse is a major cause of desertification. Nonetheless, overgrazing 
led to the shrinkage of good pasture with the consequence that grazing 
animals attack local trees such as Acacia tortilis, Acacia raddiana, Acacia 
ehrenbrgiana and Ziziphus spina Christi, thus aggravating the situation. 
Similarly Nordwijk (1984) reported that the original vegetation cover 
removed for cultivation and provision of fuel wood in the most severely 
desertified regions in Sahelien zones.. This was supported by Bayoumi 
(1984) who gave an estimation of 548 million Acacia shrubs as being up 
rooted by Sudan nomads for fuel and 20 million cubic meters of timber as 
annual losses due to human activities. The same author attributed the 
reduction in gum arabic yields from 52,000 tons in 1956 to 32,000 tons in  
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1966 due to agricultural expansion. Conway (1984) stated that the risk are 
much greater in arid than humid climates, and all dry land planning has to 
take risk into consideration.  
The creeping desert caused by human activities through land misuse, and 
destruction of natural vegetation thus create desert like condition (Farah, 
1986).  
 
Abu Suwar et.al., (2002) cited that the overcutting of wood for fuel and 
building purposes has a catastrophic effect on environment leading to 
desertification and land degradation and the wood consumption for fuel 
wood that amounted to 21million cubic meters 1957, increased to 28million 
cubic meters in 1964 and 67.6 million cubic meters in 1987. Ahlcrona, 
(1988) noted that the decrease in the biological productivity could be caused 
by aridity and manmade factors, while land degradation is mainly caused by 
man. 
 
The serious and intensive human manipulations of land misuse accelerated  
Signed land degradation, according to Soil Conservation Report (1944). 
Stebbing (1953) attributed the causes of degradation to the practice of 
shifting agriculture, plus the largely increased number of grazing animals, 
annual firing of natural vegetation and misuse of natural resources by people 
and the cause of degradation and degeneration of forests into scrub type can 
be traced to climatic change. Baumer and Tahara (1979) reported that the 
desert encroachment in Sudan is mainly a man made phenomenon caused by 
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the misuse of land. The cultivation in marginal areas was assumed to be one 
of the main causes of land degradation/desertification (Ayoub, 1998). 
The spread of the Sahara and shifting of vegetation cover to south word as 
result of over grazing and wood cutting it was led to accelerate soil erosion 
(Eckholm, 1977).  
 
2.4 Degradation and Land use in Khartoum State 
Khartoum State lies between: 15° 08´ -16° 39´ N latitude North and 31° 36´ 
-34° 25´ E longitude East. The state covers an area of 20970Km² and the 
rainfall range between 75-150mm (annual rain fall). Average air temperature 
ranges between 21.6 °C and 37.7°C in winter and the average wind speed is 
about 14Km per hour. The State is characterized by average wind storms 
with 17Km per hour speed (Abd Alatief, 1996) 
 
The state has an arid ecological zone and limited biotic diversity. Generally 
Khartoum State is aflat plain with some rocks in the eastern parts; it has a 
gentle slope from east to west which runs towords the River Nile. The State 
is covered by three geological formations as follows: Nubian sandstone, 
which covers about 60% of the geographic area of the state, Gezeira 
formation, which covers the area between two the Niles and abasement 
complex covering the north eastern parts of the State. Meanwhile there are 
some wadies that originate from the state (Wadi Elhasib and Wadi Soba in 
the east and Wadi Elmansorab in Omdurman).These Wadis end up in the 
River Nile (Hussein, 1988). 
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The state is covered by various types of soils as follows: 
i. Recent soil deposits. 
ii. Soils formed from old deposits. 
iii. Soils formed from the alluvial deposits of the White Nile and Blue 
Nile. 
iv. Aeolin deposits. 
Wadis and soils are formed on the basement complex. Generally, these soils 
are classified as Aridisols with some pockets of vertisols (Barakat et .al, 
2000). 
 
Vegetation cover is mixture of grasses, shrubs and legumes with some trees,. 
are distributed according to the desert ecology to: Acacia seyal and Maerua 
crassifolia “Sarah” in Khartoum North where “somur”Acacia raddina and 
“salam” Acacia ehrenbergiana are the dominant tree types with some Sidir 
Ziziphus spini christi, Higleig Balanites aegyptiaca and La´ ut Acacia 
nubicatrees, “Sunt”Acacia nilotica and “are located at river banks and along 
large Wadis. 
 
Different annual and perennialsgrasses are distributed between these trees, 
such as “Tumam” Panicum furgidum and “Mahrib” Cymbopogon proximus 
are also available the sandy soil west of the Nile. The dominant plant cover 
includes “Direisa Tribulus terrestris “Hantout” Colocynthus vullgaris and 
“Gabash” Schoen feldia gracilis. In both parts of the state, annual plants 
constitute about 75%of the total plant cover and the rest 25% is perennial. 
Most soils of the State are saline, sodic or saline sodic,. according to 
Mubarak et al.,  (2004). 
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The extent of the area affected by desertification at latitude 12° N was 
surveyed and mapped at reconnaissance level by Lamprey (1975). 
According to Lamprey the southern advancement of the desert boundary of 
the desert was marked at the arate of 5 to6 Km /year, compared with the 
desert boundary mapped by Harrison an Jackson (1958).  
 
Khartoum State is encaptured in all sites, by fragile ecological systems. As             
a result, the vegetation cover decreased and the top soil will be removed. 
This might endanger the productivity of the land. The phenomenon of the 
aridity and desertification had negative impacts on different areas in the 
state. Mass movement of people to the State has resulted in high pressure on 
all services, increase in mortality of animals, failure of some crops and 
accordingly, yield of cereal crops has declined to less than 50kg/fed. All 
these resulted in deterioration of soil, plant cover and eventually 
deterioration of the state rangelands, as stated by Abdalla et.al. (2004).  
 
Mainly two types of land are utilized for rain cultivation, loamy clays and 
the wadi banks. Since rain water is limiting to agriculture, therefore, rain 
cultivation where practiced on very limited scale insignificant in the area in 
terms of production, so irrigated agriculture is confined to the Nile banks 
while areas away from the Nile are considered to be grazing areas, John 
(1961). Over grazing in this region is the main cause for destruction of 
vegetation. The intensive cultivation is confined to the Nile banks while the 
area away from the Nile is left for nomads. The danger of destruction of 
vegetation comes from the cultivation of marginal areas and over grazing 
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that removes the soil and increase the extent of desert creep southwards Abd 
Elrhman (1967). 
 
Lebon (1965) stated that in the nomadic areas of Abu Deleiq and areas 
bordering Butana considerable grain yield is produced in wadis or 
depressions which are in undulated by runoff after rains, but this type of 
cultivation is mainly carried by nomads, while settled population practice 
terrce cultivation. 
 
In the southern part of the state namely the area adjacent to the Nile is 
privately owned, in contrast to the rain lands in east and west of the Nile 
which are tribal Simpson (1966). 
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Chapter Three 
Materials and methods 
 
3.1 Description of the Study area: 
3.1.1 Location  
The Wadi Soba project lies between longitudes 32° 81´ 33° 89´ East, and 
latitudes 15° 56´ 15° 57´ North. It is located in the eastern Nile province of 
Khartoum State, about 35Km from Khartoum north city. The area is 
bordered from the west by the Blue Nile, from the east it faces the great 
“Butana”plain. In the north and south directions, the project is neighbouring 
Essliet and Elafun agricultural schemes respectively. A number of villages 
are scattered in the project area, starting from Elsamra in the south west to 
Elsheikh Elmin, the biggest village in the area as shown in map (3.1).The 
total population of the area is about 34,130 with low density according to the 
fourth population census in1993. The total area of the project about 50,000 
feddans; the cultivable area remains is about 35.000 feddan. The main 
objective of this project is to meet the high demand to various agricultural 
products. 
 
3.1.2 The physical features 
The land scape of Wadi Soba project is flat in its most parts, interrupted by 
some undulated pockets of high land. Jebel Dora to the east and Jebel Wadi 
Umm Bashar to the north, are the highest point in the area. Wadi Arish and 
Wadi Elrigaba are the main two tributaries that joint in the middle from the 
east to west  
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3.1.3 Water quantity: 
The area is dominated geologically by the Nubian sandstone sedimentary 
rocks, which are water bearing rocks. Accordingly under ground water is 
available in sufficient quantities to support irrigation purposes, or other wise 
act as supplementary source of irrigation.  
 
3.1.4 Soil 
The area of Wadi Soba project is part of the semi-desert climatic zone which 
geomorphologically refers to the vast peneplain and pedplain surface formed 
on weathered Nubian Sandstone and Basement complex rocks. These land 
forms seem to represent an advanced stage of desert erosion cycle, produced 
by physical weathering, wind and water erosion which were more intense 
during pluvial period. The soil of the study area belongs mainly to Entisols 
orders. In this area the Nubian sandstone produces coarse sandy or loamy 
friable often gravelly soils. The Basement complex produces more clayey 
soils, usually sandy clay loams or clays Abd Elgalil, (1997). 
 
3.1.5 Climate 
The area is dominated by the semi-desert climate which is characterized by 
very hot/dry summer and cold in winter. The average minimum temperature 
is 22°C. The summer extends for about eight months from March-October. 
The summer ends with athree months rainy season (mid July-mid October). 
On the other hand, the winter extends from November to February. The 
rainfall ranges between 75 to 300 mm per year, with the peak being 
experienced during August, Abd Elgali, (1997). 
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3.1.6 Vegetation 
The area exists in the semi-desert vegetation zone, which is dominated by 
deciduous woody plant species of the Seyal, Sarieh, Salum, Sidir, and 
samara, with some other species of short grasses and shrubs. The dominant 
tree species in the area are as follows: 
 
Elseyal –Acacia tortilis 
Elsamar –Acacia raddin Elsarieh Maerua crssifolia 
Elsalum –Acacia ehrenbergiana 
Elsidir –Ziziphus spina Christi 
ElTundup-Capparis decidua 
Elhegleeg- Balanites aegyptica 
Elusher- Calotropis procera 
The grass cover includes the following: 
  Elgau-Aristida mutablis  
Elsaida –Cyperus rotundus  
Eldihasser –Indigofera oblongifolia 
Elrabaa_ Trinihema pentendra 
Eldirassa_Tremulous terresfris 
Umm libanaa- Euphorbia spp 
 
3.1.7 Tribal Groups 
The area is inhabited by different tribal groups, the dominant of which are 
the Maggarba, Hassania, Butahein, Mahas and Gaalien. The Maggarba are 
the most dominant group, which are now occupying the villages of Soba 
along the Blue Nile and many other villages in the hinder lands. Intermixed 
with the Maggarba are the Hassania and the Gaalein  tribal groups.They are 
now occupying the villages of ElSheikh ElAmin, Elsheikh.ELFadni and 
Umm dawanban.The Butahein inhabit the most eastern part of the area, 
dominating the villages of Edd ElBayda, Idd Eshabalia and others, 
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depending mainly on camels,sheep,cattles and goats for their living. 
However, when the conditions are favourable for growining crops. good 
rainy season) these tribes cultivate some of agricultural crops for self-
sufficiency since 1993.The tribes are organized and administrated by 
Sheikhs, who apply the traditional customary rules regarding grazing, 
prohibit tree cutting and solving disputes on agricultural land. 
 
3.1.8 Land Tenure 
Land tenure system is a predominant feature in the history of the Sudanese 
communities through the century. Land tenure transcends the economic and 
social fabric and even the cultural fabric of the communities and is linked 
closely to conflict over power (Mohmed, 2000). Wadi Soba as a region, 
despite its historical links with other parts of the country has special 
development based on the presence of old forms of land ownership. In this 
context type of land tenure system the land use is by heritage. 
 
3.2 Types of land use 
Land is used for various purposes, many of which often compete with each 
other. Since the main focus of this study is to clarify the pattern of land use 
activities in that area and their impact on degradation, the only facet of land 
use being considered are those for rainfed agriculture, range, and forests.  
 
3.2.1 Rainfed agriculture 
Rainfed cultivation is practiced in the Wadies and in low marginal lands, 
mainly for sorghum production. Areas are not large but enough to meet 
subsistence need. In good rainy seasons wider areas are cultivated, which 
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meet also commercial purposes. The yield varies from 1-6per feddan, 
depending on rain intensity and frequency. In 1994 season an area of 
150,000 feddan was cultivated. In addition to sorghum, the farmers also 
practice the cultivation of vegetables such as okra and tomatoes in the area. 
In early eighties the sharp fluctuation and reduction in the mean annual 
rainfall resulted in acute drought, which forced the farmers to abandant 
rainfed agriculture in 1994. 
 
3.2.2 Forests 
The major problem in the area with reference to land use has been the 
practice of traditional and mechanized farming at the expense of the natural 
vegetation covers. The large scale vegetation clearance operation has 
resulted in a complete removal of trees. The purely exploitive nature of these 
operations has meant that the degraded lands have not regenerated their 
vegetative cover due to erosion of top soil and disappearance of seed 
resources. The natural fertility of the soil has also declined. The over cutting 
activities are widely practiced in this area for the supply of fuel wood.The 
increased of the area under crops to meet the subsistence needs of the local 
population.This has led to land degradation and desertification. Nonetheless 
the crop production declined during the years of drought. 
 
3.2.3 Range land 
The use of lands for grazing plays avital role in the socio-economic stability 
of the people in Wadi Soba. The main types of livestock in the area include 
sheep, cattle, goats and camels. They belong to Butana breeds and are 
considered as one of the best classes of animals in the country, which are 
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characterized by high milk production. The project area is part of the 
traditional grazing land of Butana; the main grazing system is transhumant 
grazing. The nomadic pastorlist traditionally move with their animals in 
south /east (Gezera and Butana area direction. 
 
The use of rangeland has also created environmental problems due to 
imbalance resulting from rapidly increasing livestock requirements for 
forage,the one hand and the reduced carrying capacity of land for grazing on 
other one. In the last forty years the rangeland gradually suffered from 
decreasing annual rainfall and the drought always has severe impact on 
livestock production. 
 
3.3 Materials and Methods 
3.3.1 Collection of Soil and Water Samples 
Soil samples differing in texture were randomly selected from eight 
locations across the study area using Augar. The sample depths are (0-30), 
(30-60cm) and (60-90cm) per field. The samples were carefully placed in 
bags to avoid distortion of aggregates and kept for further measurement and 
analysis. Enough amount of soil sample (1.5 kg) was taken from each 
location. 
 
Water samples for the assessment of the variation of salts and mineral 
concentration were collected from nine different wells representing nine 
villages through out the study area; the samples were kept in air –tight 
plastic cans before analysis. Soil and water samples locations were 
determined using GPS.as shown in map (3.1). 
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3.3.2 Land Degradation Assessment 
3.3.2.1 Remote Sensing Techniques 
Nasri (1999) stated that, remote sensing is defined as the acquisition of 
information about an object from distance without being in contact with it, 
by detecting and measuring changes in the reflection electromagnetic 
energy. The remote sensing data from the study areas were obtained from 
landsat satellite Thematic Mapper (TM) dated 1987, and 2000 In order to 
identify the different landuse/landcover types the (TM) color composite 
images of 1987 and 2000 were visually interpreted. The produced maps 
were then compared. 
 
3.3.3 Designing of Questionnaire 
The data concerning land use was collected through the contacts with key 
persons in the project area to identify the main constraints facing the project. 
Several meeting were held to evaluate and discuss the collected data and 
filling the questionnaire, analysis of the information provided by 
questionnaire was carried out thereafter. 
 
3.3.4 Laboratory Analysis 
3.3.4.1 Analysis of Soil Samples 
All soil samples were ground to pass a 2.00mm sieve and mixed thoroughly. 
The sieved samples were saved for determination of various chemical and 
mechanical compositions of the soils. 
Soil pH in the paste was determined using pH-meter and electrical 
conductivity of each saturated soil extract (ECe) was measured by using 
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ECe-meter (Ece-bridge). Calcium carbonate contents were determined in 
samples which had effervescence in an acid drop test. Calcium (Ca++) and 
Magnesium (Mg++) concentrations were determined by titration against 
EDTA according to the method describe by Cheng and Bray (1951) and 
Diehl and Cowerker (1950). Organic carbon was determined by the ashing 
method which proposed by Fredrick and translated by Ibrahim (1991), and 
then the organic matter was calculated. Cloride (CL-) was determined by 
titration with Silver Niterate (Reitemer, 1943). Bicarbonate (HCO) was 
determined by titration with acid (Reitemeier, 1943). Sodium (Na+) and 
Potassium (K+) were determined by using flame photometer method. The 
saturation percentage (sp) was estimated by Wilcox methods (1951) and 
Moisture content was determined by oven dry method at 105°C as described  
Wilcox (1951). 
Particle size distribution was determined by hydrometer method (Black 
et.al., 1965). The texture classes of the soil samples were determined 
according to United States Department of Agriculture (USDA) textural 
triangle. Soil Adsorption Ratio (SAR) was calculated according to the 
following equation: 
                          SAR =                   Na+ 
 
Ca++ + Mg++ 
2 
Water samples collected from represenitive wells in the study area were used 
to determine pH, EC, SAR soluble anions and cations, using the same 
methods followed in the analysis of soil paste described above. The cations 
concentrations are given in (meq/L). 
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3.3.5 Statistical Analysis 
3.3.5.1 Soil and Water Analysis 
Completely Randomize Block Design (CRBD) was performed to estimate 
the effects of the measured parameters using a two ways (blocks and Sub 
blocks), where the village was as the main blocks and depths was sub-
blocks. Each soil sample was analyzed in triplicate and figures were then 
averaged, as shown (in Table 4.1to 4.7). 
 
The Completely Randomize Design (CRD) was used for analysis of water 
data as treatment for water from villages. The water samples data were 
analyzed in triplicate and figures then averaged, as shown (inTable 4.8). 
The data obtained from water and soil samples were analyzed according to 
SAS programme version (4), (SAS, 1994). For soil and water the 
significance level accepted was P 0.05 and means were separated according 
to Duncan’s Multiple Range Test (DMRT).According to Steel and Torrie, 
(1960) and Ott, (1977). 
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Chapter Four 
Results 
 
4.1 Land use Activities in Wadi Soba 
The pressure of population and livestock activities in Wadi soba area had 
resulted in a process that lead to desertification and land degradation.  In 
Wadi Soba area, people removed forest for agricultural purposes (cropping 
or cattle rising), (plate, 1). 
 
           
Plate 1: Deforestation 
 
The agricultural activities in the area (mechanized farming scheme) are the 
most destructive factors of land, decrease of perennial trees and grasses is 
the outcome of agricultural activities as shown in (plate,2). 
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Plate 2: Rainfed Agriculture 
Beside the over grazing of vegetation by livestock in the project area, there 
are also other effects of livestock, such as trampling that cause the 
destruction of the top soil surface, compaction of the soil and increased soil 
erosion, dust storms and advancement of sand dunes in Wadi Soba area, 
(plate,3)  
 
              
Plate 3: Overgrazing 
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4.2 Socio-economic dimension 
According to the data obtained from five villages through a questionnaire on 
socio-economic dimension of Wadi Soba community on land 
degradation/desertification, findings and the results have revealed the type of 
land ownership; which comprised the following: 
? private land tenure, 
? government 
 
4.2.1-Type of land use; 
The type of land use includes the following: 
? -Rainfed agriculture 
? -Forest 
? -Range and pasture areas. 
 
The rainfed agricultural practices in these areas are mainly concentrated 
on cultivation of the following crops: 
? -Sourghum 
? -Vegetables 
? -Alfa alfa 
? -Sorghum  
 
The production in these areas is not enough to sustain a family, but in 
exceptional years when rainfall is adequate and well distributed all through 
the growing season then the production will be enough to cover cash needs 
of the family. The consequences of inadequate rainfall are resulted the crop 
failure. 
Range and pasture in the area of Wadi Soba the main factors led to the 
appearance of certain plant species and unfavorable species invaded the area 
due to overgrazing, over cultivation and drought which are the most 
prominent factors. The main utilization of forest as fuel wood. 
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The people in this region obtain fodder from grasses and buy hay of 
sorghum. The supplementary feed is: Berseem, this supplementary feed used 
recently in the last few years. The main factors causing land degradation are 
irregular fluctuation of rainfall,drought spells and landmisuse, the other main 
factors are climatic variations and human activities.Rainfall in general trend 
has a decreasing manner of  intensity and distribution. Meanwhile, long 
years of drought revealed, sand and sand dunes movement under the severe 
conditions of drought. 
 
4.3 Soil Characteristics 
Soil Saturation Percentage (SP) did not change significantly among depth  
with exception of location 6 where it shows significant higher value(P≤0.05) 
in layer (60-90) than layer (0-30) and (30-60), the same was observed in 
location 7 as far as depth (0-30) (60-90) are concerned Table 4.1, fig.4.1 . 
Table 4.1: The Soil Saturation Percentage (SP %) in depths and locations. 
Locations 
Depths ID ALM UM YA ALH ALSH ALS ALF 
D1 34.27a 21.27a 29.77a 24.3a 24.77a 21.1b 20.43b 24.3a 
D2 33.57a 23.6a 32.63a 23.83a 24.67a 21.17b 25.67a 25.13a 
D3 30.53a 25.4a 32.37a 26.3a 27.97a 24.53a 27.8b 25.27a 
Means 32.72a 23.42b 30.66a 23.53b 25.63b 22.27b 24.7b 24.9b 
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
LocationsTreatments(Block):ID=IDElshabalah;AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig.(4.1) Means of saturation percentage in 
different locations 
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No differences were found in the soil Electrical Conductivity (ECe) between 
all depths within each location; however, the results show significant 
difference in (ECe) among locations (P≤0.05), with location 1 showing the 
highest value which was significantly higher than that of locations 5 and 6. 
Table 4.2, Fig. 4.2. 
 
Table 4.2: The Soil Electrical Conductivity (ECe dS/m) in different 
depths of the locations 
Locations 
Depths ID ALM UM YA ALH ALSh ALs ALF 
D1 0.32a 0.22a 0.22a 0.2a 0.18a 0.2a 0.26 0.31a 
D2 0.3a 0.23a 0.2a 0.32a 0.17a 0.2a 0.23a 0.36a 
D3 0.29a 0.32a 0.35a 0.31a 0.23a 0.2a 0.23a 0.36a 
Means .30a .23ab .27ab .28ab .19b .19b .24ab .31a 
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
Locations Treatments (Block): ID=IDElshabalah; AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig(4.2). Means of ECe percentage in different locations
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Statistically no significant differences were found in Sodium Adsorption 
Ratio (SAR) among depths but there were significant differences between 
locations (P≤0.05), Table 4.3, Fig 4.3with locations 4 and 8 displaying 
significantly highest values than the others. 
 
Table 4.3: The Sodium Adsorption Ratio (SAR) in different Locations 
and Depths. 
Locations 
Depths ID ALM UM YA ALH ALSH ALS ALF 
D1 0.73a 0.5a .67a 0.53a 0.4a 0.5a 1a 1.8a 
D2 0.7a 0.57a 1.87a 1.77a 0.37a 0.63a 0.8a 2.13a 
D3 0.23a 1.4a 0.53a 1.4a 0.7a 0.93a 0.83a 1.53a 
Means .56b .82b 1.02b 1.2ab .49b .69b .88b 1.82a 
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
Locations Treatments (Block): ID=IDElshabalah; AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig 4.3 Means of Sodium Adsoprtion Ratio in different locations
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Soil reaction (pH) differed significantly among depths and locations 
(P≤0.05), Table 4.4, Fig 4.4, the pH reading range between 7-7.5 in all 
locations, while in location 8 the value reached 7.9, the highest value 
through the study area.  
 
Table 4.4: soil pH in different locations and Depths. 
Locations 
Depths ID ALH UM YA ALH ALSH ALS ALF 
D1 7.31a 7.44a 7.02b 7.33a 7.38a 7.23a 7.41a 7.68b 
D2 7.28a 7.34a 7.05b 7.32a 7.27ab 7.15ab 7.6a 7.79ab 
D3 7.22a 7.24a 7.24a 7.41a 7.16b 6.91b 7.45a 8.07b 
Means 7.29c 7.35b 7.06d 7.36bc 7.27c 7.09d 7.49b 7.85a 
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
Locations Treatments (Block): ID=IDElshabalah; AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig 4.4:Soil pH in different locations
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The values of soil analysis showed that Ca CO3 % varied significantly both 
within and among the different locations (Table 4.5, Fig.4.5), of these 
however, location 8 recorded the highest percent (0.82) and location 
exhibited 4 the lowest value of Ca CO3 % (0.25). 
 
Table 4.5 Soil Ca CO3 % in different locations and depths 
Locations 
Depths ID ALM UM YA ALH ALSH ALS ALF 
D1 0.61a 0.61a 0.59ab 0.23a 0.21a 0.27a 0.36a 0.49a 
D2 0.71a 0.33a 0.53b 0.26a 0.40a 0.31a 0.58a 0.68a 
D3 0.47a 0.25a 0.72b 0.26a 0.43a 0.25a 0.53a 0.99a 
Means .48bc  .39bc .62ab .25c .35bc .28c .49bc .82a 
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
Locations Treatments (Block): ID=IDElshabalah; AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig(4.5). means of CaCO3 percentage in different 
locations
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Table 4.6 and Fig. 4.6, showed no significant difference of soil organic 
matter (OM %) within depths and locations, there was, however, generally 
OM is very low.  
 
Table 4.6 Soil OM% in different locations and depths 
Locations 
Depths DI ALM UM YA ALH ALSH ALS ALF 
D1 0.051a 0.039a 0.055a 0.05a 0.057a 0.054a 0.026a 0.052a 
D2 0.026a 0.044a 0.025a 0.049a 0.03a 0.024a 0.025a 0.037b 
D3 0.034a 0.037a 0.027a 0.029a 0.042a 0.035a 0.029a 0.042b 
Means .037ab .04ab .036ab .042ab .043ab .038ab .026b .098a 
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
Locations Treatments (Block): ID=IDElshabalah; AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig.(4.6) means of soil organic matter content in 
different locations
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The soil texture in the study area ranged between sandy clay and sandy loam 
with no significant difference among varied locations. However, the soil 
particles size (i.e. sand, clay and silt) showed considerable variation within 
and between locations, though with no significant variation with exception 
of silt, which showed significant difference Table 4.7, Fig. 4.7. However, 
decreasing amount of clay and silt and increasing amount of sand were 
found within locations and depths. 
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Table 4.7 Soil texture in different locations and depths 
Locations Soil 
depth(cm) 
Sand% Silt% Clay% Textural class % 
      
ID1 D1 65.33a 11.4a 27.07a Sandy clay loam 
 D2 63a 10.2c 26.8a Sandy clay loam 
 D3 61.33a 10b 24a Sandy clay loam 
 Means 63.67a 10.6b 25.98a  
ALM2 D1 72a 11.1a 16.9a Sandy loam 
 D2 71.4a 9.8c 18.8a Sandy loam 
 D3 69.83a 10b 20.17a Sandy clay loam 
  70.01ab 10.3b 18.62b  
UM3 D1 65.87a 10.5b 23.63a Sandy clay loam 
 D2 63.47a 10c 26.07a Sandy clay loam 
 D3 62.83a 11.5a 25.67a Sandy clay loam 
  64.2a 10.7b 25.12a  
YA4 D1 69.77a 10.9a 19.33a Sandy loam 
 D2 70.47a 10.5b 19.03a Sandy loam 
 D3 69.3a 9.8c 20.9a Sandy clay loam 
  69.84b 10.4b 19.76b  
AlH5 D1 69.67a 11.1a 19.13a Sandy loam 
 D2 69.53a 10.9b 19.57a Sandy loam 
 D3 67.6a 10c 22.4a Sandy clay loam 
  68.96b 10.8b 20.37b  
ALSh6 D1 72.93a 10.2a 16.87b Sandy loam 
 D2 73a 10b 17b Sandy loam 
 D3 70.63b 9.8ca 19.57a Sandy loam 
  72.18ab 10b 17.81b  
AlS7 D1 73.13a 10.3a 16.57b Sandy loam 
 D2 69.37b 10b 20.63a Sandy clay loam 
 D3 67.3b 9.8c 22.9a Sandy clay loam 
  69.84b 10.23b 20.03b  
ALF8 D1 69.2a 11.1a 19.7a Sandy loam 
 D2 69.1a 11.8b 20.1a Sandy clay loam 
 D3 69.6a 10c 20.4a Sandy clay loam 
  69.3b 10.1a 20.07b  
Means within rows followed by the same letters are not significantly 
different using Duncan Multiple Range test at 5%.  
Locations Treatments (Block): ID=IDElshabalah; AlM=ALMerabieha; 
UM=UMkatara;YA=Yafa;AL=ALHoor;ALSH=ALSheikhELmein; 
ALS=ALSumarah;AL=ALfadni. 
Depths subplots: D1= 0-30; D2= 30-60; D3= 60-90 
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Fig.(4.7) Show  the means of soil texture in different locations
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 There was correlation between clay % and SP (r²=.95) (fig. 4.8). 
Fig.(4.8) Correlation betw een clay content and 
saturation percentage (SP)
y = 0.721x + 2.0697
R2 = 0.9591
0
10
20
30
0 10 20 30 40
SP%
C
la
y%
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4.4 Water Characteristics 
Table 4.8 shows the water characteristics in different locations in the study 
area. The EC values show highly significant differences among locations 
particularly in location 9, which recorded  the maximum value (3.6) and 
location 3 the minimum value of EC (0.58) fig(4.9). 
 
Table 4.8: The value of water SAR, pH, EC in different locations. 
Locations pH SAR ECe dS/m 
ID 8.4 5.9 1.6 
ALM 8.8 9.4 2.3 
UM 7.6 3.4 0.5 
ALG 7.3 5.4 1.2 
YA 7.5 3 0.8 
ALH 7.7 3.9 0.9 
AlSh 7.7 10.4 1.8 
ALS 7.9 4.4 0.7 
ALF 7.8 9.8 3.6 
 
f ig.(4.9) means of the w ater Electrical Conductivity in different locations
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The results of this study revealed that the pH value shows highly significant 
variation among the studied locations with highest value (8.8) in location 2 
and the lowest value (7.3) in location 4 as shown in Table 4.8, Fig. 4.10. 
 
Fig (4 .1 0 ) m e a ns  of w a te r  pH in diffe re nt loc a tion
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Statically there was a highly significant difference between water Sodium 
Adsorption Ratios (SAR), where the highest value (10.4) was in location 6 
and the lowest value 3.03 was in location 3, Fig. 4.11. 
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Fig .(4 .11)  M e an s  o f  w ate r  So d iu m  A d o s o p r t io n  Rat io  in  d if fe r e n t  
lo cat io n s
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4.5 Changes in Wadi Soba landuse/ landcover (1987-2000) 
Wadi Soba land cover comprises sand dunes, sand sheets, natural vegetation, 
clay soil, rocks, rocky land, out crops and wadi systems. Some of these 
components have witnessed significant deterioration during the period 
between 1987 and 2000. 
 
4.5.1 Land cover in 1987 
The map (4.1) interpreted from the image of 1987 Land Sat Thematic 
Mapper (TM), reveals that, during the drought period in 1983,1984 and 
1989the sand dunes and sand sheets were formed in alluvial and deposited 
plains .Sand dunes spread to cover about 232.84 Km² (31%) and sand sheets 
about 22.22Km² (2.95%) from the total area, as shown in Table 4.9. Sand 
dunes were characterized by sand accumulation on depression and swales in 
the alluvial plains. They are well distinguished in the image for their yellow 
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colour that explains their total reflection of electromagnetic energy. These 
soils have low water holding capacity, well drained, generally sandy in 
texture , non calcareous, have single grains of sand, and  acidic with pH <7. 
 
Sand sheets have accumulated their product on alluvial soils in the northern 
area while the southern site appears bare including soils covered by gravels. 
These areas could be classified as severely affected by desertification. These 
are deflated areas with distinct yellowish color. The characteristics of these 
soils are well drained and the color is brown to dark brown. These soils are 
rainfed cultivated and most of the years were exposed to wind erosion. The 
vegetation cover of the area amounting to 58.68Km² (7.82%) of the study 
area as shown in Table 4.9, and Map 4.1. 
 
The topography form, includes rocks, and outcrops which cover about 
23.31Km² (3.1%) in the eastern part of the area.In the image these were 
shown as violet  colour (Map 4.1,Table 4.8).The rocks and rocky land are 
shown in image as dark brown and white browncolour respectively. Rocks 
cover 107.75Km² (14.35%), and rocky land cover 34.91Km² (4.65%). These 
as shown in Table 4.8 and Map4.1.The clay area spreads to cover about 
108.61Km² (14.47%) of the area as shown in Table 4.9 and Map 4.1,and in 
the image it appears gray in colour. The area of the Wadi system covers 
162.59Km² (21.66%), and is shown in Table (4.9) and in the image they 
appear as white blue color (Map 4.1).  
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Table 4.9: The Areas in (km²) and percentage of the area of the 
mapping units relative to the area in the map 4.1 (Map in 1987). 
Mapping unit Area in (Km²) Percentage of the area 
Natural Vegetation  58.86 7.8 
Rock out crop 23.31 3.10 
Rocks 107.75 14.35 
Rocky land 34.91 4.65 
Sand Dunes 232.84 31.00 
Sand Sheet 22.22 2.95 
Wadi System 162.29 21.66 
Clay soil 108.61 14.47 
Total Area 750.91 100 
 
 
4.5.2 Land cover in 2000 
As shown in Map (4.2) which is interpreted from Thematic Mapper (TM) 
image of 2000, more sand accumulated in new areas, increasing the 
degraded areas of Wadi-Soba to form sand dunes amounting to 259.02 Km² 
(34.49%) as illustrated in Table (4.10).The area of sand sheet increased to 
40.22Km² (5.39%) (Table 4.10), due to the increasing wind storms 
recurrence during the drought period in 1980s, that redistributed the sand.  
 
The area of vegetation cover decreased to 37.39Km² (5.04%) due to 
exploitation of natural resources and hence the clay  decreased to 83.3Km² 
(11%). The areas of rocks and rocky land were constant, but the area of 
Wadi system decreased to 157.02Km² (20.91%). During the fluctuation of 
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rainfall the area of rock out crop increased to 30.96Km² (4.1%).All these 
areas are shown in Table 4.10 and Map 4.2. 
 
Table 4.10: The Areas in (km²) and percentage of the area of the 
mapping units relative to the area in the map 4.2 (Map in 2000). 
Mapping unit Area in (Km²) Percentage of the area 
Natural Vegetation  37.89 5.04 
Rock out crop 30.96 4.1 
Rocks 107.75 14.35 
Rocky land 34.91 4.65 
Sand Dunes 259.02 34.49 
Sand Sheet 40.22 5.36 
Wadi System 157.02 20.91 
Clay soil 83.3 11 
Total Area 751 100 
 
The Maps (4.1 and 4.2) interpreted from the landSat Thematic Mapper 
image (TM) of 1987 and 2000 illustrated the severe exploitation and land 
degradation that occured during the drought and provided the data on sand 
encroachment, and the extent of desertification in Wadi Soba. 
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CHAPTER FIVE 
Discussion 
Desertification can be attributed to cultivation of marginal areas, the 
enormous increase of livestock, settlement of nomads, the provision of water 
holes, deforestation, rainfall, man and domestic animals, fire, wildlife and 
shifting cultivation. 
 
Expansion of cultivation leads to higher concentration of livestock in the 
remaining part of marginal areas. The enormous overstocking due to large 
number of livestock and improper distribution of water points had resulted in 
overcutting, overgrazing and deterioration of rangelands around settlements 
and water points. Moreover, heavy use of rangelands, occurrence of 
uncontrolled burning and encroachment of dry land cultivation into 
rangelands has triggered a change in botanical composition and dominance 
of annual grasses and forests (Elwakeel and Abu Sabah, 1993). 
 
The lack of secure land tenure rights hinders long term investments in soil 
conservation for farming .The settled nomads in one places can cause 
desertification there, because they exceed the carrying capacity of the land 
The provision of water holes, can lead to desertification of surrounding area. 
According to the above mentioned causative factors, the loss of trees and 
their numerous functions, could cause soil deterioration which lead to 
desertification in Wadi Soba. People cut trees to obtain charcoal and fuel 
wood for cooking, as well as wood for building materials and different 
purposes, which lead to deforestation in the study area. 
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Man and domestic animals are the most important disturbances of habitat 
that resulted in changes in funa and flora. This occurs through continued use 
and misuse of land for cultivation of food crops and cutting trees from wide 
areas for expansion agricultural lands and to obtain fuel wood and building 
materials. 
 
For shifting cultivation, small areas of land are cleared by felling and 
burning all or most of the vegetation. The Wadi Soba area is dominated by 
range lands, forest, and rainfed agriculture in addition to bare soils and 
shifting sand dunes. And rain water comes down easily washing away the 
loose top soil, fill up the Wadi bed and overflow the banks causing harmful 
floods every rainy season. In this context, uncontrolled flooding in large 
parts of the area constituted some of the environmental problems due to 
human activities particularly deforestation, over grazing and farming system 
respectively.  
 
In contrast, Wadi basin is characterized by presence of woody vegetation 
cover, grazing area, rainfed plots, sand dune and sandy is accumulated 
around tributaries, effecting  the land use pattern of the study area. 
 
 
 
5.1 Soil characteristics 
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It may be clear from the results obtained that a significant change has been 
observed among the locations for soil saturation percentage (SP). These 
chan0ges are important because they reflect the effect of water availability 
for plants at most ranges of soil water contents, where the (SP) is high. The 
analysis of the collected soil samples from Wadi Soba showed the low 
values of pH, SAR and ECe, indicating the absence of salinity and sodicity 
according to Richard et.al., (1987), the maximum and minimum values 
ranged between 7- 7.5, 0.31-0.19 dS/m and 1.8-.49 respectively. The organic 
matter obtained from the samples of the study area showed comparatively 
low values ranging between 0.026 to 0.098, which indicated the highest 
excessive removal of vegetation through farming practices and overgrazing 
activities. 
 
Therefore, removal of vegetation cover from soils showed that, seriously, 
their potential fertility decrease, unless otherwise rectified by fertilization to 
sustain future regeneration. 
 
Soil texture is one of the most important characteristic as it influences in 
many properties of great significance to land use and management. Among 
the various soil texture classes soil having sandy loam or loam texture 
surface, are more suitable for wide varieties of crops and can produce higher 
yields than other type of soils (USDA, 1975).The results obtained in this 
study indicated that the texture of Wadi Soba soils range between sandy 
loam to sandy clay loam, reflecting considerable amount of sands that can be 
easily detected by moistening the soil and smoothing it out between the 
fingers. However, sandy clay loam has more clay than sandy loam, which 
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indicates greater cohesive properties. Nonetheless Wadi Soba soils contain 
considerable percentage of silt and clay, the low organic matter content 
recorded in this study could be attributed to irrational management through 
cultivation and over grazing activities. 
 
5.2 Water characteristic 
The high level of EC recorded from water sample collected from   the study 
area indicated that water is highly unsuitable for irrigation in location 9 (3.5 
dS/m) and suitable in others locations ranging between (0.58-2.3), Ayers and 
Westcot, (1985) reported the degree of restriction on use of water for 
irrigation, where the water of EC more than 3.0 is not suitable for irrigation, 
and between 0.7-3 dS/m is a normal range for irrigation. The water reaction 
(pH) of the area ranged from 7.8 – 7.3 indicating that most of water quality 
falls within the normal level with exception of locations 1 (8.4) and 2 (8.8) 
which seemed slightly higher than the normal range of pH of these soils. 
Water with Sodium Adsorption Ratio (SAR) ranges  between (10.4-3.00) is 
suitable for irrigation in all locations with exception of locations 7 and 
9where the value of SAR (10.4 and 9.8) indicated that the water quality is 
unsuitable for irrigation Richrad, (1987), reported that water with SAR more 
than 5 can lead to secondary salinization when used for irrigation. 
 
5.3 Degradation and land use 
Table 4.9 and 4.10 revealed that the erosional forms (sand dunes and sand 
sheets) in the area of 1987 covered about 255.06 km² which is 33% of the 
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total study area. This means that one third of the area is degraded by sand 
encroachment. 
The degradation is related to human misuse of land resources such as 
deforestation, overcultivation and overgrazing triggered by continuous 
drought of 1980’s and early 1990’s.The vegetation cover is destroyed  
exposing the clayey soil of alluvial plain and the deposited sand to wind  and 
water erosion, which exacerbated the desertification processes. 
 
Consequently the impacts of drought and desertification affected the human 
livelihood and livestock, as well as the habitats.  Information investigated in 
the field revealed that most of the villagers deserted the area to more 
potential surrounding areas.  
 
Table 4.9 and 4.10 lustrated the deterioration of environment in the study 
area during drought spells. The drought of 1980s and 1985s aggravated the 
situation. The dramatic  degradation of the land use systems in the area and 
deterioration of natural vegetation specially  (forests) into a vast bare land, 
rainfed cultivated areas and grazing rangelands converted into eroded soil, 
where sand dunes and  sand sheets is clearly distinguished. 
 
Due to the long spans of drought the vegetation cover was reduced. The 
removal of fine clay particles by wind and water deposited sand sheets 
depleted the soil fertility and even interrupted the vegetation cover growth. 
Most of the area covered by sand, sand dunes and sand sheets in creased to 
39% of the study area, in 2000, as was shown in Table 4.9 and 4.10. The 
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areas of clay decreased from 14.47% to 11%.This is attributed to the 
redistribution of sand cover in more areas, hence the total area of clay 
became above one quarter of the total area. Most of this area is located in 
north and south of Wadi Soba area. 
 
During the period 1987-2000 the two nearest metrological stations to the 
study area (Khartoum) (Shambat and Kukus) registered an increase of 
rainfall records in 1988, the vegetation covered that protected against land 
from erosion. There is no trend of increase in rainfall during 1987 -2001, and 
the sand dust storms were active Man and livestock and their impact on 
desertification under such arid conditions can not be ignored. Human 
activities and livestock grazing increased, rainfed cultivation areas were 
reduced and vast grazing areas were left bare in the study area. The drastic 
increase in human activities and livestock accelerate land degradation/ 
deforestation and deterioration of vegetation cover. 
 
The area of vegetation within the study area decreased and the total area in 
1987- 2000 was equal 96.57 km² (12.80). This means that small part of the 
natural vegetation remained and the area was degraded. According to Rapp 
(1978), once started this process of land degradation will continue, and in the driest 
part (100-200 isohyets) the damage can be more or less irreversible. In this 
context the findings of this study confirm the concept of continuation of land 
degradation/ desertification processes in the study area. 
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Conclusion and Recommendations 
Conclusion 
 
On the basis of aforementioned findings and discussion its clear that most of 
the desertification factors and indicators of land degradation are prevailing 
in Wadi Soba project. According to the results of this study on soil types and 
land use patterns in Wadi Soba area, it can be concluded that the soil is vary 
from sandy clay to sandy clay loam in all areas. Removal of vegetation 
cover lead to the loss of soil organic matter, depletion of fertility, increasing 
the advancement of sandunes and sand encroachment in the area. This 
emphasized land misuse by human activities in addition to climatic variation 
factors. 
 
Therefore, more detailed studies should be carried out especially in the long 
term to monitor and assess effect of misuse of land by humans and the 
deterioration of vegetation cover in the area. Furthermore, remedies should 
be undertaken to rehabilitate the environment for better performances of 
agricultural land use coupled with policies to regulate grazing in the area. 
 
Recommendations: 
1. Preparation of land use plans should be based on a precise knowledge 
of the soil productivity and socio-economic dimension conditions. 
2. Creation of measures to improve and rehabilitate soils and vegetation 
cover by increasing soil fertility. 
3. Establishment of  research and training centers in the affected areas in 
order to investigate specific problems and to train local farmers who 
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can take over the framework of desertification control in their local 
environment. 
4. Legislations to prevent over-cutting of forests and overgrazing must 
be issued and implemented. Nonetheless law indicated reservation of 
5% in irrigated schemes and 10% in rainfed agricultural schemes 
should be applied. 
5. Forests must be protected in all agricultural schemes. 
6. Protection of natural pastures by opening fire lines, demarcation and 
regulation of animal routes grazing and reopening of them to avoid 
direct contact with farmers. 
7. Construction of dams for irrigated agriculture and drinking purposes 
through water harvesting techniques. 
8. Implementation of Agenda 21, (Earth summit) Rio de Janeiro, June 
1992 chapter 12, for combating desertification through: 
 
i- Intensified soil conservation, afforestation and reforestation 
action. 
ii- Integration of development programmes for combating 
desertification with the National Sustainable developing 
plans. 
iii- Preparation of drought preparedness and drought relief 
schemes. 
iv- Promotion of popular participation. 
 
9. Dune fixation, either with planted trees or grass of different species. 
10. 10-Conservation and re-plantation of the available local plant 
species, 
11. 11-Afforestation of denuded areas. 
12. 12–Establishment of wind breaks and shelter belts. 
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Appendices 
 
 
Appendix (1):   Questionnaire for Land Use 
 
 
1. Type of land ownership? 
 
    Rent (    )                     Private (     )        Governmental (       ) 
 
2. Type of land use and areas 
 
     Irrigated (     )               rainfed (     )            pasture (     ) 
 
3. What crops did you cultivate? 
 
4. The main factors of degradation? 
    -duration of rainfall (     ) 
    -drought  (    ) 
    -wrong policies. (     ) 
    -soil deterioration. (     ) 
 
5. A. Is the production enough to sustain afamily? 
-yes (        )                 No (        ) 
 
    B. Is the production enough to cover cash need of family? 
  - Yes (      )                No (        ) 
 
6. A. What are the main species have disappeared? 
 
    B.Are there new species invading the area? 
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c. What are the main factors leading to disappearance of certain plant 
species? 
 - Over grazing (      ) -Fire  (      ) 
       -over cutting   (     ) -drought (    ) 
 -over cultivation (       ) 
 
7. What are the main types of fuel you use? 
-charcoal (       ) - kerosene (        ) 
     - Dung (      ) -herb specify species (      ) 
- Wood (      ) 
  
8- a-How do you obtain fodder now? 
 
      - collect grasses and store it (     ) 
  -cut branches (       ) 
  - Buy hay         (        ) 
 
-b which supplementary feed is given to livestock? 
- Crop residue (       ) 
- Cotton cake (        ) 
-dura            (        ) 
-berseem      (        ) 
  
C- When did you begin using supplementary feed? 
- 6-10        years ago (        ) 
- 10-15       years ago (       ) 
- 16-20      years ago (       ) 
          - More than 20 years (       ) 
 
9-How do you describe the general rainfall? 
- decreasing in amount (         ) 
- decreasing in duration (         ) 
- Both                             (         ) 
- increasing                    (         ) 
- Constant  (        ) 
 
 
10- What are the consequences of in adequate rainfall? 
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- Crop failure (       ) 
-death of trees (       ) 
-high mortality at livestock (         ) 
- Sand movement and sanddunes (      ) 
-insufficient pasture                  (          ) 
 
 
 
Appendix (2): Soil Ca CO3 % ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 0.7403 0.0925 1.08 0.3909 
Treatment 7 2.2378 0.3196 3.73 0.0022 
Error 56 4.8015 0.0857   
Total 71     
 
 
Appendix (3): Soil ECe d/Sm ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 0.7035611 0.0879 10.5 0.001 
Treatment 7 0.1167 0.0167 1.99 0.0732 
Error 56 0.47023056 0.4702   
Total 71     
 
 
Appendix (4): Soil silt % ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 15.352 1.9187 1.11 0.3712 
Treatment 7 735.8676 105.1239 60.77 0.0001 
Error 56 96.8786 1.7299   
Total 71     
 
 
Appendix (5): Soil SAR ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 10.1969 1.2746 1.69 0.0401 
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Treatment 7 11.5609 1.6515 2.18 0.0125 
Error 56 32.2858 0.7592   
Total 71     
 
 
 
 
 
Appendix (6): Soil OM % ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 0.0213 0.0027 0.68 0.7108 
Treatment 7 0.3049 0.044 1.10 0.3744 
Error 56 0.2730 0.0039   
Total 71     
 
 
Appendix (7): Soil sand % ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 118.666 14.8333 1.83 0.0908 
Treatment 7 561.2843 8.1834 9.88 0.0001 
Error 56 454.3019 8.1125   
Total 71     
 
 
 
Appendix (8): Soil SP % ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Block 8 215.8803 26.9850 2.19 0.0416 
Treatment 7 869.9817 124.2831 10.10 0.0001 
Error 56 688.9708 12.331   
Total 71     
 
 
Appendix (9): Soil clay % ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
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Block 8 215.8803 26.9850 0.22 0.0416 
Treatment 7 869.9817 124.2831 10.10 0.0001 
Error 56 688.9708 12.331   
Total 71     
 
 
 
 
Appendix (10):  Water EC% ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Treatment 8 22.34 2.7543 83.99 0.0001 
Error 18 0.5903 0.0328   
Total 26     
 
 
 
 
Appendix (11):  Water SAR% ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Treatment 8 203.0879 25.3859 18.20 0.0001 
Error 18 25.1120 1.3951   
Total 26     
 
 
 
Appendix (12):  Water pH ANOVA 
Source of 
variation 
Degree of 
freedom 
Sum of 
squares (S2) 
Mean square 
(M.S) 
F. ratio Pr > F 
Treatment 8 4.7404 0.5926 7.7 0.0002 
Error 18 1.384 0.0769   
Total 26     
 
